The ECAP amplitude resulting from a train of pulses of finite duration (100ms or 200ms) was found to vary inversely to the stimulation rate (pulse rate), corroborating well with neural adaptation results from a previous study (Dillier et al., 2005) . Amplitude growth functions based on these adapted responses yield thresholds (TNRT) that increase with increasing pulse rate, contrary to behavioural thresholds, which are known to vary inversely with the stimulation rate. Adaptation effects are therefore a confounding factor that must be accounted for when attempting to compare behavioural and objective measures.
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The behavioural threshold of a cochlear implant (CI) stimulus is known to vary inversely with the rate of stimulation. The aim of this study was to investigate whether similar effects could be observed with the electrically-evoked compound action potential (ECAP) threshold.
Method
Neural Response Telemetry (NRT) is normally used to measure the resulting ECAP in response to a single probe pulse, averaged over multiple sweeps (typically 50) repeated at a low rate (typically 80 Hz) in order to reduce accompanying recording noise. The forwardmasking paradigm is used to reduce the accompanying stimulus artefact. The ECAP threshold (TNRT), is estimated by extrapolating the corresponding amplitude growth function (AGF) down to zero.
In clinical practice, behavioural thresholds are typically determined using 500ms pulse trains.
In order to compare TNRTs with behavioural thresholds, NRT recordings that involve pulse trains of similar durations should be used.NRT can be configured to measure the ECAP in response to a uniform train of m pulses, consisting of (m -1) masker pulses followed by a single probe pulse, with identical masker and probe amplitudes, and the masker probe interval (MPI) adjusted to match the masker repetition period. Note that with multiple maskers, the modified method described by Miller et al (2000) needs to be used instead of the standard forward-masking paradigm to extract the neural response from the accompanying stimulus artefact. This was performed offline for the measurements used in this study.
AGFs were obtained using pulse trains with different stimulation levels, and TNRTs then estimated from the corresponding AGFs. AGFs were obtained in this way for pulse train rates of 500Hz, 1000Hz and 2000Hz, as well as for pulse train durations of 100ms and 200ms. The results were then compared with the corresponding standard (single pulse) AGFs.
Subjects
AGFs with pulse trains were measured for single electrodes from 3 adult subjects: GR (e20), MB (e11) and CE (e22). Unfortunately, the accompanying artefacts could not be easily eliminated from subject CE's recordings, leaving only 2 sets of data for analysis. Figure 1 shows how the AGFs varied with respect to the pulse train duration for a given pulse train rate. In general, the response amplitudes decreased with increasing pulse train duration. 
Results

Discussion
The observed reductions in response amplitudes with increasing pulse train duration or rate are due to neural adaptation effects. The results above corroborated well with the neural adaptation results from the same two subjects collected for a previous study (Dillier et al., 2005) and shown in Figure 3 response amplitudes from the present study were slightly smaller but of the same order of magnitude. For both subjects, the amount of adaptation increased with increasing pulse train rates, and eventually settles down to a constant value with long pulse train durations. For subject GR, the adaptation at 500Hz was negligible, while subject MB generally demonstrated a greater amount of adaptation. Figure 3: Neural adaptation data with increasing duration and rate for the same two subjects.
The presence of neural adaptation effects introduces a confounding factor which prevents direct comparisons of changes in the neural response amplitude against behavioural observations. Indeed, the observation that the TNRT increased with increasing rate or duration is contrary to behavioural observations.
TNRT profiles across the electrode array nevertheless are successfully used in many cochlear implant centres to assist in programming speech processors. Thus, there continues to be a need to understand the relationship between behavioural values and the neural response characteristics. Future investigations into the relationship between behavioural observations and objective neural response properties therefore need to be mindful of the presence of neural adaptation effects.
Conclusion
The AGFs measured using pulse trains here were consistent with neural adaptation data collected from the same subjects from an earlier study (Dillier et al., 2005) . Neural adaptation effects prevent direct comparison of changes in the neural response amplitude with changes in behavioural values. Neural adaptation effects must therefore be taken into account when examining NRT measurements involving pulse trains.
